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In t roduct ion  

Conventional systems f o r  t r e a t i n g  w a s t e w a t e r  are usua l ly  
composed of two processes: 
moves t h e  bulk of t h e  s e t t l e a b l e  s o l i d s  f rom ' the  w a s t e w a t e r  by 
sedimentat ion,  and a 'secondary t rea tment  process  which removes t h e  
bulk  of t h e  s o l u b l e  o rgan ic  m a t t e r  by b i o l o g i c a l  ox ida t ion .  These 
processes  i n  combination have shown to  be an e f f e c t i v e  and economical 
means of  improving t h e  d ischarge  q u a l i t y  of  wastewater. However, 
the processes  are n o t  wi thout  c e r t a i n  disadvantages.  

a primary t rea tment  process  which re- 

F i r s t ,  t h e  processes r e q u i r e  cons iderable  opera t ing  con- 
t r o l  and o f t en  gene ra t e  opera t ing  problems of  a complex nature .  
Second, they are e a s i l y  upse t  and r e q u i r e  t i m e  t o  r ega in  e f f i c i e n t  
opera t ion .  And f i n a l l y ,  they produce s ludge a t  such a r a t e  t h a t  it 
poses an u l t ima te  s ludge  d i sposa l  problem of  cons iderable  magnitude. 

Conceivably , each of  these disadvantages could b e  l a rge ly  
e l imina ted  i f  w a s t e w a t e r  w e r e  t r e a t e d  by a system t h a t  u t i l i z e d  
s o l e l y  phys ica l  and chemical methods. Such a system is  shown 
schematical ly  i n  F igure  1. 

I n  F igure  1, primary t rea tment  is rep laced  by lime clar i -  
f i c a t i o n  with t h e  added bonus of phosphate removal and secondary - 
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with good secondary e f f l u e n t .  

Thus, t o  f u l l y  a s ses s  t h e  f e a s i b i l i t y  of t he  system shown 
i n  Figure 1, it w i l l  be  necessary t o  answer two key ques t ions .  
F i r s t ,  can a c t i v a t e d  carbon adsorp t ion  compete wi th  b i o l o g i c a l  
ox ida t ion  as an  economical method of removing s o l u b l e  o rgan ic s  from 
l i m e  c l a r i f i e d  r a w  wastewater,  and second, can a cornplete phys i ca l  
and chemical system of wastewater t rea tment  produce wa te r  of  a 
q u a l i t y  a t  least  equal  t o  t h a t  produced by good convent iona l  t r e a t -  
ment. 

t rea tment  i s  replaced by act iva. ted carbon adsorp t ion .  Reca lc ina t ion  
of the  spen t  l i m e  and regenera t ion  of t he  carbon make t h e  System 
e s s e n t i a l l y  c losed  loop. The most i n t r i g u i n g  a spec t  of t h e  System 
as a whole i s  t h a t  t h e r e  are no l a rge  volumes of w a s t e  s ludge  t o  
contend with.  

Work addressed t o  answering t h e s e  ques t ions  i s  p resen t ly  
underway a t  t h e  Lebanon, Ohio p i l o t  p l a n t  f a c i l i t y  of t h e  Federal  
Water Po l lu t ion  Control  Adminis t ra t ion.  The purpose of t h i s  i n t e r im  
p r o j e c t  r e p o r t  is t o  g ive  the  pre l iminary  r e s u l t s  of t h e  work. 

A flow diagram f o r  t h e  experimental  system is  shown i n  
Primary e f f l u e n t  from t h e  Lebanon Municipal Treatment Figure 2 .  

P l a n t  is fed  t o  a l i m e  c l a r i f i c a t i o n  process  f o r  removal of suspended 
m a t t e r  and phosphates. A schematic of t h e  l i m e  c l a r i f i c a t i o n  process  

where (1). Except f o r  a b r i e f  ope ra t iona l  per iod  dur ing  which t h e  
! i s  given i n  Figure 3 and i t s  ope ra t ion  is  descr ibed  i n  de ta i l  else- 

1 Methods and Procedures 
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pH w a s  g r e a t e r  than  11.5, lime c l a r i f i c a t i o n  was c a r r i e d  o u t  a t  a 
pH of 9.5.  Following l i m e  c l a r i f i c a t i o n  and f i l t r a t i o n  through 
p a r a l l e l  dual-media f i l ters ,  t h e  c l a r i f i e d  w a t e r  i s  pumped through 
t h r e e  carbon c o n t a c t o r s  f o r  r a o v a l  of so lub le  organic  mat ter .  

Each carbon con tac to r  i s  4 f t  i n  diameter and conta ins  
2400 l b s  of 8x30 mesh granular  a c t i v a t e d  carbon ( a ) .  This q u a n t i t y  
of carbon f i l l s  t h e  con tac to r  t o  a depth of 8 f t .  The con tac to r s  
a r e  operated downflow and i n  series. 

Pr ior  t o  dual-media f i l t r a t i o n ,  t h e  c l a r i f i e d  e f f l u e n t  i s  
ad jus t ed  t o  pH 8 wi th  s u l f u r i c  ac id  t o  minimize calcium carbonate  
i n c r u s t a t i o n  of t h e  f i l t e r  media. Following f i l t r a t i o n ,  t h e  c l a r i -  
f i e d  e f f l u e n t  i s  f u r t h e r  ad jus ted  t o  pH 7.5 with s u l f u r i c  ac id  p r i o r  
t o  carbon t reatment .  

The l ime c l a r i f i c a t i o n  process  i s  operated a t  a s teady  flow 
rate  of 75 gpm. P a r t  of t h i s  flow i s  s t o r e d  f o r  use i n  backwash of 
t h e  dual-media f i l ters ,  t h e  remainder goes i n t o  a holding tank from 
which it i s  pumped a t  a cons t an t  r a t e  of 48 gpm t o  the  carbon con- 
t a c t o r s .  During backwash of t h e  dual-media f i l t e r s ,  t h e  w a t e r  s t o red  
i n  t h e  holding tank s e r v e s  as f eed  t o  t h e  carbon contac tors .  

A t  t h e  flow rate of 48 gpm, con tac to r  res idence  t i m e  based 
on an empty bed i s  15 minutes each or 45 minutes t o t a l .  This and 
o t h e r  contac tor  cons t an t s  are given i n  Figure 4.  

and over 
t h e  l i m e  
however, 

Operation of  t h e  system is continuous over  a 24-hour per iod 
run l eng ths  of roughly one-month dura t ion .  During runs ,  
c l a r i f i c a t i o n  process  normally never r equ i r e s  shutdown; 
t h e  carbon con tac to r s  r equ i r e  pe r iod ic  shutdown which nor- 

mally occurs  when t h e  headloss  i n  t h e  l ead  contac tor  i s  such t h a t  a 
flow of  48 gpm cannot  be  a t t a ined .  When t h i s  occurs ,  t h e  contac tor  
is shu t  down, backwashed and then re turned  t o  serv ice .  

System performance w a s  monitored i n i t i a l l y  by both grab 
sampling and composite sampling. Grab samples normally were taken 
manually every 3 hours  a t  f i r s t ,  and la ter  by automatic samplers 
every hour.  
on ly  composite sampling done. 

Grab sampling w a s  d iscont inued midway i n  t h e  s tudy and 

Samples of t h e  l i m e  c l a r i f i c a t i o n  process  feed and product 
w e r e  t aken  f o r  TOC, BOD, COD, t u r b i d i t y ,  suspended s o l i d s ,  and 
phosphate determinat ion.  The feed and product  of t h e  carbon con- 
t a c t o r s  w e r e  sampled f o r  TOC, BOD, COD, and t u r b i d i t y  measurements. 
I n  add i t ion ,  t h e  product  from carbon con tac to r  one and two was sam- 
pled f o r  TOC, BOD, and COD determinat ions.  Late i n  t h e  s tudy ,  
n i t rogen  forms around t h e  system w e r e  determined. Af t e r  e s t ab l i sh ing  

(a) F i l t r a s o r b  300, Calgon, Inc. .Mention of s p e c i f i c  p ropr i e t a ry  
equipment o r  products  throughout t h i s  paper i s  f o r  information 
purposes only  and does not  c o n s t i t u t e  enaorsement by the  Federal  
Water P o l l u t i o n  Control  Adminis t ra t ion and t h e  U. S. Department 
of t h e  I n t e r i o r .  

c 
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a r a t i o  between TOC and BOD, and TOC and COD, only TOC was monitored 
around the  system. 

A l l  samples were analyzed by Standard Methods ( a ) .  

Resul t s  and Discussion 

Resul ts  w i l l  be presented  i n  t h r e e  p a r t s :  

t o  l i m e  c l a r i f i c a t i o n  a t  high pH;. and l a s t ,  those  p e r t a i n i n g  t o  t h e  
performance of t h e  system as a whole. 

f i r s t  those  
1 p e r t a i n i n g  t o  carbon contac tor  performance; second, those  pe r t a in ing  

Data on n i t rogen  and r a t i o  r e s u l t s  between TOC and BOD, 
and TOC and COD are given i n  t h e  Appendix. 

Carbon Contactor Performance 

TOC p r o f i l e s  through t h e  carbon contac tors  f o r  increments 
of one mi l l i on  ga l lon  throughput are given i n  Figure 5. The average 
TOC of t h e  feed w a s  25 mg/l and t h e  average product TOC w a s  11 mg/l. 
The range i n  feed TOC va lues  w a s  20 t o  33 mg/l. As can be  noted, 
t h e  e f f e c t  of this v a r i a t i o n  i n  feed  TOC on product  TOC w a s  damped 
by increased removal of TOC by con tac to r  one. It is  apparent  t h a t  
t h e  lead  contac tor  se rves  t h e  important  func t ion  of bu f fe r ing  in- 
c reased  TOC loadings.  

I n  Table 1, t h e  pe rcen t  organic  mat te r  removed by t h e  
carbon contac tors  i s  given as TOC, BOD, and COD. As can be seen,  
organic  removal w a s  about  t h e  same rega rd le s s  of t h e  organic  para- 
m e t e r  u t i l i z e d  as a q u a n t i t a t i v e  measure. 

TABLE 1 - TOTAL PERCENT ORGANICS 
REMOVED BY CONTACTORS 

TOC‘ l )  57 

 BOD(^) 59 

COD(2)  60 

(1) Based on 5 MG 
( 2 )  Based on 3 MG 

Organic removal as a func t ion  of contac tor  res idence  t i m e  
is shown i n  Figure 6. The d a t a  sugges t  t h a t  t h e  percent  of t h e  
so lub le  organic  m a t t e r  removed cannot b e  s u b s t a n t i a l l y  improved by 
increas ing  contac tor  res idence  t i m e .  

(a)  Standard Methods f o r  t h e  Examination of Water and Wastewater 
12 th  Edi t ion ,  1965, American Publ ic .Heal th  Associat ion,  Inc. 
1790 Broadway, New York, N. Y. 10019 
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Contactor loading d a t a  tire given i n  Table 2 .  The loading 
i n  lbs TOC pe r  l b  of carbon shown f o r  con tac to r  one i s  considered 
very good s i n c e  t h e  contac tor  is  only p a r t i a l l y  exhausted. I n  
ga l lons  of primary e f f l u e n t  t r e a t e d ,  t h i s  loading i n  ga l lons  t r e a t e d  
pe r  pound of carbon is  roughly 2000.  I t  appears r e a l i s t i c  t o  p r o j e c t  
a t reatment  of 4000 ga l lons  per  pound of carbon (250 l b  carbon/MG) 
be fo re  t h e  carbon r equ i r e s  changing. This suggests  carbon replacement 
c o s t s  of l e s s  than  $0.07 per  thousand ga l lons  f o r  one-time usage of 
t h e  carbon and, i f  carbon regenera t ion  is considered,  the cos t s  look 
economically a t t r a c t i v e .  

TABLE 2 - CARBON TOC LOADING - 5 MG 

Lbs TOC Removed 
Contactor Number Lbs TOC Removed per  Lb Carbon 

1 
2 
3 

367 
1 6 9  

51 

0 . 1 5 3  
0 . 0 7 0  
0 . 0 2 1  

TOC removed pe r  lb of carbon as a func t ion  of TOC appl ied 
per  lb of carbon i s  shown i n  Figure 7 f o r  each contac tor .  These . 
d a t a  .->preseit i  iii, Lumulative TOC appl ied  and removed pe r  mi l l i on  
ga l lon  increment of flow through t h e  con tac to r s .  As can be seen,  
t h e  TOC removal rate by contac tor  one decreased as t h e  carbon became 
loaded with TOC. However, t h e  TOC removal r a t e  by contac tor  two 
increased  as t h e  carbon became loaded wi th  TOC. This sugges ts  t h a t  
as contac tor  o n e  becomes progress ive ly  exhausted it progress ive ly  
passes  an inc reas ing  amount of adsorbable  organics  t o  contac tor  two. 
TOC removal by con tac to r  t h ree  was e s s e n t i a l l y  cons t an t  a t  a l l  load- 
i n g  r a t e s .  This  s e e m s  t o  i n d i c a t e  t h a t  contac tor  t w o  passes  a 
r e l a t i v e l y  cons tan t  amount of adsorbable TOC t o  the  t h i r d  contac tor .  

Carbon Contactor Operat ional  Problems 

The carbon con tac to r s  became anaerobic  e a r l y  i n  t h e  opera- 
t i o n a l  period. This  was ev ident  by the  odor of hydrogen s u l f i d e  gas 
i n  t h e  contac tor  e f f l u e n t .  The amount of hydrogen s u l f i d e  p re sen t  
was no t  measured q u a n t i t a t i v e l y .  An a t tempt  w a s  made midway i n  the  
s tudy t o  opera te  t h e  contac tors  i n  an ae rob ic  condi t ion.  The f i r s t  
method used w a s  t o  a e r a t e  the  holding tank p r i o r  t o  t h e  carbon con- 
t a c t o r s .  A i r  w a s  used f i r s t  and then oxygen. Nei ther  method 
i n j e c t e d  enough oxygen i n t o  the  feed t o  maintain t h e  l ead  carbon 
con tac to r  aerobic.  Oxygen w a s  then  i n j e c t e d  d i r e c t l y  i n t o  the .  feed 
stream a t  the i n l e t  t o  t he  l ead  contac tor .  This e l iminated the  
hydrogen s u l f i d e  from the  contac tor  e f f l u e n t  a f t e r  a s h o r t  opera t iona l  
per iod  which i n d i c a t e d  t h e  con tac to r s  w e r e  opera t ing  ae rob ica l ly .  
Af t e r  a per iod of less than a day running t ime, however, a l a rge  
l e a d l o s s  developed i n  the  lead  con tac to r  and maintaining t h e  des i red  
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flow r a t e  through t h e  contac tor  became impossible.  The con tac to r s  
were shu t  down, t h e  lead contac tor  backwashed, and then a l l  con- 
t a c t o r s  pu t  back i n t o  operat ion.  

Rapid bui ldup  of iieadloss across  the  lead con tac to r  con- 
t inued  d e s p i t e  f requent  backwash. "he lead contac tor  w a s  again shu t  
down, p a r t i a l l y  dra ined ,  and i t s  su r face  l a y e r  inspec ted .  The l aye r  
was found t o  be g r e a t l y  impregnated with calcium carbonate .  The 
holding tank p r i o r  t o  t h e  contac tor  was then drained and inspec ted  

1 and a heavy depos i t  of c a l c i u m  carbonate  was found a t  t h e  bottom. 
This depos i t  probably accumulated dur ing  t h e  high pH run when l a r g e  
q u a n t i t i e s  of lime w e r e  used t o  raise t h e  pH above 11.5 i n  t h e  
c l a r i f i e r .  During backwash of one of t he  dual-media f i l t e r s ,  t he  
volume of water en te r ing  t h e  holding t a n k  is decreased by a h a l f  and 
t h e  holding tank l e v e l  drops t o  ha l f  o r  less. The momentum of  the 
incoming w a t e r  i s  probably s u f f i c i e n t  enough a t  low water  l e v e l s  t o  
c r e a t e  a bottom turbulence i n  the  tank and t h e  turbulence  pu t s  bottom 
depos i t s  such as  calcium carbonate  i n t o  t h e  feed t o  t h e  con tac to r .  

The holding tank w a s  thoroughly f lushed ou t  wi th  w a t e r ,  
t he  l ead  contac tor  ac id  r in sed  with 40 ga l lons  of pH 2 .0  s u l f u r i c  
ac id  s o l u t i o n  and backwashed, and then t h e  contac tor  w a s  re turned  t o  
se rv i ce .  A t  t h i s  p o i n t  t h e  contac tor  throughput w a s  approximately 
1 .5  m i l l i o n  ga l lons .  Headloss ac ross  t h e  con tac to r  w a s  then  normal. 
I t  w a s  decided t o  cease  feeding oxygen t o  the con tac to r s  and thereby 
l e t  them become anaerobic .  I t  w a s  f e l t  t h a t  t h e  oxygen w a s  promoting 
t h e  growth of aerobic  slime-producing microorganisms and con t r ibu t ing  
t o  l ead loss  buildup. 

Following t h e  ac id  r i n s e  of t h e  lead  con tac to r  and t h e  
ces sa t ion  of oxygenation of t h e  con tac to r s ,  headloss  bui ldup  assumed 
a reasonable  magnitude. 

Lime C l a r i f i c a t i o n  a t  pH >11.5 
I 

As previously mentioned, i t  has  been repor ted  t h a t  l i m e  
c l a r i f i c a t i o n  of raw wastewater a t  a high pH r e s u l t s  i n  t h e  hydro- 
l y t i c  breakdown of organic  matter which subsequently enhances i t s  
removal by carbon adsorp t ion  ( 7 ) .  I n  an e f f o r t  t o  eva lua te  t h i s ,  
t h e  l i m e  c l a r i f i e r  w a s  operated a t  a pH g r e a t e r  than 11.5 over  an 
eleven day opera t iona l  per iod.  The l i m e  c l a r i f i e r  pH range f o r  t h e  
per iod was 11.10 t o  11.75 and t h e  pH averaged 11.59. To achieve 
t h i s  pH l e v e l ,  l i m e  dosages i n  excess of 1100 mg/l w e r e  necessary 
a s  compared t o  200 t o  300 mg/l t o  achieve pH 9.5. A l l  o t h e r  opera- 
t i o n a l  procedures and methods as previous ly  descr ibed  w e r e  t h e  same. 
Operat ional  sequence of t h e  high pH run r e l a t i v e  t o  the low pH runs 
w a s :  31  days a t  pH 9.5, 11 days a t  pH g r e a t e r  than 11.5, and 30 
days a t  pH 9.5.  

, 

Removal of organic  mat te r  from primary e f f l u e n t  c l a r i f i e d  
a t  a pH g r e a t e r  than 11.5 i s  shown i n  Table 3 .  For comparative 
purposes s i m i l a r  d a t a  a r e  given f o r  t h e  pH 9.5 runs.  The high pH 
r e s u l t s  were averaged over a throughput of 0 . 7  m i l l i o n  ga l lons  while  
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t h e  l o w  pH r e s u l t s  w e r e  averaged o v a  a throughput of 5.0 m i l l i o n  
ga l lons .  Since a l o w  p H  run precede6 and followed t h e  h igh  p H  run ,  
it i s  reasonable  t o  assune  t h a t  p r i o r  h i s t o r y  of t h e  carbon con- 
tactors  d i d  not  p r e j u d i c e  the r e s u l t s  t o  any s i g n i f i c a n t  ex ten t .  

A s  can  be s e e n  i n  Table 3 ,  the pH level  d i d  n o t  have a 
s i g n i f i c a n t  e f f e c t  on product  q u a l i t y  as measured by BOD, COD, and 
TOC, n o r  did it a f f e c t  a g r e a t e r  percentage removal of organic  
m a t t e r .  

TABLE 3 - CARBON ADSORPTION OF ORGAKICS FROM 
PRIMARY EFFLUENT CLARIFIED AT pH 9.5 and pH >11.5 

COD - BOD - TOC 

pH 9.5: % R e m o v e d  56.0 58.7 60.4 
Product Average, mg/l 1 1 . 0  1 0 . 0  31.0 
Product Range, m g / l  2.9-22 2.0-23 11-70.6 

p H  >11.5% Removed  53 56.2 59.6 
Product Average, mg/l 9.8 14.5 31.0 

- 

Product Range, m g / l  6.4-12.2 6.6-19.4 12.0-42.6 

Some improvement i n  t h e  t u r b i d i t y  of t h e  e f f l u e n t  f r o m  ’ 
t h e  l i m e  c la r i f ie r  was noted a t  the h igher  pH. This  was probably 
because of t h e  removal of f i n e  t u r b i d i t y  m a t t e r  by t h e  magnesium 
hydroxide f l o c  which forms a t  a pH above 11. 

Overa l l  System Performance 

Organic m a t t e r  removed by the complete system a s  deter- 
mined by TOC, BOD, and COD measurements is given i n  Table 4. As 
shown, l i m e  c l a r i f i c a t i o n  removed 76 percent  of t h e  organic  matter. 
This  sugges ts  t h a t  t h e  amount of  o r g a n i c  mat ter  p r e s e n t  i n  Lebanon 
primary e f f l u e n t  t h a t  i s  amendable t o  removal by  c l a r i f i c a t i o n  and 
adsorp t ion  mechanisms i s ,  on the average, 76 p e r c e n t  suspended and 
24 p e r c e n t  soluble i n  f o r m .  

TABLE 4 - TOTAL ORGANIC REMOVAL FROM PRIMARY EFFLUENT 
BY LIME CLARIFICATION AND CARBON TREATMENT 

T o t a l  Organic R e m o v a l  
mg/ 1 66 66 165 
lbs/MG 550 550 1376 

Percent  Removed by 
Lime C l a r i f i c a t i o n  . 7 6  76 76 

Percent  Removed by 
Carbon Adsorpt ion 24 24 24 

(1) Based on 5 MG 
( 2 )  Based on 3 MG 
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The percent  removal d i s t r i b u t i o n  of t h e  app l i ed  organ+ 
loading between t h e  processes  and t h a t  remaining i n  t h e  product  1s 
shown i n  Table 5. As can be noted, 66 percent  of t h e  appl ied  or- 
ganic mat te r  was removed by c i a r i f i c a t i o n ,  2 1  percent  by adsorp t ion ,  
and 1 3  percent  was no t  removed by e i t h e r  process  and remained i n  the  
product water. 
i s  removed by l i m e  c l a r i f i c a t i o n ,  t h e  da t a  i n d i c a t e s  t h a t  roughly 
34 pe rcen t  of t he  appl ied  organic  loading  w a s  s o l u b l e  i n  form and, 
s u r p r i s i n g l y ,  13 percent  of t h e  s o l u b l e  organics  were no t  removed by 
carbon adsorption. 

Assuming t h a t  e s s e n t i a l l y  no s o l u b l e  organic  mat ter  

TABLE 5 - THE DISTRIBUTION O F  THE 
APPLIED ORGANIC LOADING 

Removed by L i m e  C l a r i f i c a t i o n ,  % 66 66 65 

Remaining i n  Product, % 13 . 13 1 4  

(1) Based on 5 MG 
( 2 )  Based on 3 MG 

NOTE: Overall  removal bv l i m e  c l a r i f i c a t i o n  and carbon adsorp t  

Removed by Carbon Adsorption, % 2 1  ' 2 1  2 1  

on 
w a s  87% TOC, 8 7 %  BOD and 86% COD based on primary e f f l i e n t .  
If 35% removal of BOD i n  t h e  primary tanks i s  assumed, t h e  
o v e r a l l  BOD removal by primary t rea tment ,  l i m e  c l a r i f i c a t i o n  
and carbon adsorp t ion  i s  91.5%. 

I t  is a n t i c i p a t e d  t h a t  r a w  wastewater could be fed d i r e c t l y  
t o  t h e  lime c l a r i f i e r  (without primary t rea tment )  wi thout  
a f f e c t i n g  product  q u a l i t y .  

Turb id i ty ,  suspended s o l i d s ,  and phosphate removal d a t a  
f o r  t h e  system a r e  given i n  Figure 8 .  Removal i n  each i n s t a n c e  was 
good. A s  would be expected, t h e  carbon con tac to r s  tend  t o  remove 
suspended matter  and thus  t u r b i d i t y ,  t h a t  escapes t h e  dual-media 
f i l t e r s .  Phosphates a r e  n o t  removed by a c t i v a t e d  carbon. 

shown i n  Figure 8 i n d i c a t e  t h a t  o v e r a l l  system performance was q u i t e  
good. 
of primary e f f l u e n t  is probably equal  t o  t h a t  discharged by many 
convent ional  t rea tment  p l a n t s  today p lus  t h e  added b e n e f i t  of phosphate 
removal. 
d i r e c t  d i scharge  and f o r  many reuse purposes. 

Organic concen t r a t ions  of t h e  feed and product  stream as  

The q u a l i t y  of t h e  w a t e r  ob ta ined  s o l e l y  by l i m e  c l a r i f i c a t i o n  

F ina l  product  w a t e r  q u a l i t y  is equal  t o  that r equ i r ed  f o r -  

In  Table 6 ,  a comparison i s  made between w a s t e w a t e r  q u a l i t y  
a t t a i n a b l e  by good convent ional  t r ea tmen t  and t h a t  a t t a i n e d  i n  the 
p re sen t  study by l i m e  c l a r i f i c a t i o n  and carbon adsorp t ion .  The  
d a t a  given f o r  a c t i v a t e d  s ludge t rea tment  was obta ined  from measure- 
ments made on secondary e f f l u e n t  from a p i l o t  p l a n t  a c t i v a t e d  sludge 
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u n i t  operat ing a t  a c o n s t a n t  f eed  r a t e .  This  u n i t  u t i l i z e s  primary 
e f f l u e n t  from t h e  Municipdi .rreatment P l a n t  and treats it by con- 
v e n t i o n a l  a c t i v a t e d  s ludge methods. The secondary e f f l u e n t  from 
t h i s  u n i t  is  normally of gooC q u a l i t y  with an organic  carbon content 
of 2 0  mg/l or  less and a t u r b i d i t y  of 1 0  o r  less JTU. A s  shown i n  
Table 6 ,  t h e  q u a l i t y  of e f f l u e n t  Droduced by l i m e  c l a r i f i c a t i o n  and 
carbon adsorpt ion was s l i g h t l y  b e t t e r  than t h a t  of t h e  secondary 
e f f l u e n t  used as t h e  s t anda rd ,  and probably s i g n i f i c a n t l y  b e t t e r  i n  
q u a l i t y  than t h e  e f f l u e n t  produced by t h e  ma jo r i ty  of t reatment  
p l a n t s  now i n  ope ra t ion  t h a t  u t i l i z e  conventional t reatment  methods. 

TABLE 6 - COMPARISON OF CONVENTIONAL TREATMENT 
AND PHYSICAL AND CHEMICAL TREATMENT 

Treatment JTU - TOC ( - 
Activated Sludge 79-13 (a )  59-12 (b)  2 . 4  

72-12 

L i m e  and Carbon 76-10 76-10 1.1 

(1) Based on 1 MG 
( a )  F i r s t  group o f  f i g u r e s  a r e  i n f l u e n t ,  second group e f f l u e n t  
(Is) Resul ts  from t w o  s e p a r a t e  sampling pe r iods .  

General Comments 

I n  assaying t h e  r e s u l t s  p re sen ted ,  two f a c t o r s  must be 
considered.  F i r s t ,  t h e  system under s tudy was operated a t  a s teady 
flow. The e f f e c t  of  d i u r n a l  v a r i a t i o n  i n  t h e  flow of wastewater on 
t h e  performance of t h e  system was no t  determined. However, t h e r e  i s  
some evidence t h a t  s e v e r a l  magnitudes of change i n  flow r a t e  through 
a carbon contactor  do n o t  m a t e r i a l l y  a f f e c t  product q u a l i t y  ( 9 )  ( 1 0 ) .  
The e f f e c t  of v a r i a t i o n  i n  flow on t h e  performance of t h e  l i m e  c l a r i -  
f i c a t i o n  process is n o t  known. 

Second, t h e  primary e f f l u e n t  used a s  t h e  f eed  t o  t h e  
system is highly domestic i n  na tu re  and i s  weak t o  moderate i n  s t r eng th .  
Conceivably the  r e s u l t s  would b e  s i g n i f i c a n t l y  a l t e r e d  i f  a s t rong  
s t r e n g t h  wastewater w e r e  used a s  t h e  feed. 

The r e s u l t s  must a l s o  be considered i n  l i g h t  of c e r t a i n  
d e f i c i e n c i e s  i n  t h e  system. For one, t h e  carbon con tac to r s  were not  
designed f o r  e f f i c i e n t  backwash. This most l i k e l y  r e s u l t e d  i n  t h e  
establ ishment  of a microbia l  populat ion i n  t h e  con tac to r s  , p a r t i c u l a r l y  
t h e  f i r s t  one. Undoubtedly, some of t h e  o rgan ic  matter removed i n  t h e  
c o n t a c t o r s  was removed through b i o l o g i c a l  metabol ic  a c t i v i t y .  This 
poses t h e  quest ion a s  t o  whether o r  n o t  t h e  organic  ma t t e r  t h a t  sur-  
v ives  carbon t r ea tmen t  i s  q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  t h e  same 
whether or no t  t h e  c o n t a c t o r s  a r e  operated anae rob ica l ly  o r  aerobical ly .  
I t  probably i s  n o t  s i n c e  t h e  metabolic pathways a r e  d i f f e r e n t  and re- 
s u l t  i n  d i f f e r e n t  end products .  Possibly then,  t h e  magnitude of t h e  



organic  conten t  i n  carbon creareu e f f l u e n t  could be inf luenced  by 
opera t ing  condi t ions imposed on t h e  contac tors .  

Second, opera t ion  of t h e  con tac to r s  anaerobica l ly  is 
probably n o t ' d e s i r a b l e  because of t h e  u l t ima te  problem of removing 
t h e  hydrogen s u l f i d e  gas  i n  t h e  e f f l u e n t .  A i r  s t r i p p i n g  would 
c r e a t e  odor problems. Oxidation t o  s u l f a t e  w i t h  c h l o r i n e  o r  ozone 
could be cos t ly .  Costs involved, however, could be compared t o  the  
c o s t s  of oxygenating t h e  contac tors .  

Summary and Conclusions 

The r e s u l t s  of t h e  work thus  f a r  show t h a t  t h e  t rea tment  
of primary e f f l u e n t  by l i m e  c l a r i f i c a t i o n  and a c t i v a t e d  carbon pro- 
duces a n  e f f l u e n t  of good q u a l i t y  s u i t a b l e  f o r  discharge.  Averaged 
over a f i v e  mi l l i on  ga l lon  throughput,  e f f l u e n t  TOC and BOD w e r e  
10 m g / l  wi th  an o v e r a l l  range of 2-23 mg/l. E f f l u e n t  t u r b i d i t y  
averaged less than 2 Jackson t u r b i d i t y  u n i t s .  Phosphate removals 
w e r e  cons i s t en t ly  90 percent  o r  better. These c h a r a c t e r i s t i c s  a r e  
c o n s i s t e n t  with those  assoc ia ted  wi th  good q u a l i t y  secondary e f f l u e n t  
p lus  the  added bonus of phosphate removal. 

Carbon contac tor  performance t o  d a t e  sugges ts  t h a t  t h e  
l ead  contac tor  w i l l  t r e a t  4000 ga l lons  of l i m e  c l a r i f i e d  primary 
e f f l u e n t  per  pound of carbon before  r equ i r ing  replacement.  This 
p r o j e c t s  a carbon make-up c o s t  of $0.07/1000 ga l lons  without  re- 
covery of carbon, and, poss ib ly ,  less than $0.01/1000 ga l lons  if 
t h e  carbon i s  regenerated.  These c o s t s  suggest  t h a t  carbon t r e a t -  
ment may be competi t ive with b i o l o g i c a l  t rea tment  as a means of 
removing so luble  organics  from primary o r  raw wastewater. However, 
s u f f i c i e n t  information is not  p re sen t ly  a v a i l a b l e  t o  p o s i t i v e l y  
conclude t h i s .  

The r e s u l t s  presented must be considered i n  t h e  l i g h t  of 
c e r t a i n  f a c t o r s .  F i r s t ,  t he  system w a s  run a t  s teady flow. Second, 
t h e  feed t o  the  system was a weak t o  moderate s t r e n g t h  domestic 
wastewater.  How t h e  system would respond t o  a number of magnitudes 
of change i n  these  f a c t o r s  i s  p resen t ly  only specu la t ive .  

I t  i s  concluded t h a t :  (1) wastewater t rea tment  t o  a 
q u a l i t y  l e v e l  comparable t o  t h a t  achieved by good convent ional  
methods i s  t echn ica l ly  f e a s i b l e  using l i m e  c l a r i f i c a t i o n  and acti- 
vated carbon t rea tment ,  and ( 2 )  p ro jec ted  c o s t s  based on carbon 
contac tor  performance thus  f a r  sugges t  t h a t  t h e  removal of so lub le  
organics  from r a w  w a s t e w a t e r  by a c t i v a t e d  carbon w i l l  be economi- 
c a l l y  a t t r a c t i v e .  
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Nitrogen D a t a  

Some n i t rogen  d a t a  were gathered during t h e  l a t t e r  p a r t  
of t h e  s tudy t o  determine t h e  magnitude of t h e  n i t rogen  forms p resen t  
i n  l i m e  c l a r i f i e d  and carbon t r e a t e d  primary e f f l u e n t .  These d a t a  
are given i n  Table 7. As can b e  seen ,  t h e r e  w a s  a s u b s t a n t i a l  i n -  
crease i n  ammonia n i t rogen  during carbon t reatment .  T h i s  i s  probably 
a t t r i b u t a b l e  t o  t h e  ammonia produced by the  hydro lys is  of c e l l u l a r  
m a t t e r  p r e sen t  i n  t h e  suspended organic  matter reaching  the carbon 
contac tors .  This  i s  evidenced by t h e  decrease  i n  organic  n i t rogen  
ac ross  t h e  carbon con tac to r s .  N i t r i t e  and n i t r a t e  con ten t  of t he  
f i n a l  product w a s  always less than 0 .2  mg/l. 

The amount of ammonia n i t rogen  p resen t  i s  t y p i c a l  of t h a t  
found i n  most good q u a l i t y  secondary e f f l u e n t s  s i n c e  few conventional 
a c t i v a t e d  s ludge t rea tment  p l a n t s  n i t r i f y .  
n i t rogen  i s  somewhat less than  t h a t  found i n  convent ional  secondary 
e f f l u e n t .  

Probably the organic  

TABLE 7 - NITROGEN BALANCES AROUND  SYSTEM(^) 

P r i m a r y  E f f l u e n t  

L i m e  C l a r i f i e d  Primary 

L i m e  C la r i f  ied-Carbon 
Treated Primary 

NH3-N Org-N 

11.5 4.2  

13.2 2 .1  

16.8 1.0 

(1) Based on 2 MG. A l l  d a t a  i n  mg/l. 



TABLE 8 - ORGANIC PARAMETER RATIOS 

Gallons T h r o u g h p u t  

- - 1.17. 25.8 - 
22.0 23.2 

- 26.5 = 1.14 
BOD/TOC R a t i o  

L i m e  C l a r i f i e d  Pr i icary 

C o n t a c t o r  Product TOC,  
Feed TOC, mg/l 

mg/ 1 1 2 3 

C a r b o n  C o n t a c t o r  
N o .  1 P r o d u c t  

- =  12.7 1.13 15.5 - - - 1.00 15.5 11.2 

11.0 
N o .  2 P r o d u c t  10.9 9.6 11.4.- 1 - 0 5  - = 1.15 C a r b o n  C o n t a c t o r  

9.0 - = 0.94 9.6 
11.9 - - - 1.03 C a r b o n  C o n t a c t o r  

N o .  3 P r o d u c t  11.6 

BOD A v e r a g e  of a l l  r a t i o  r e s u l t s  = 1.08 = - TOC 

COD/TOC R a t i o  

72 0 2 = 3.10 23.2 

40.2 - = 3.51 11.2 

79 = 3.59 
22 

- - 2.4. 

L i m e  C l a r i f i e d  P r i m a r y  - 

37.3 - C a r b o n  C o n t a c t o r  
No.  1 P r o d u c t  15.5 

- -  - =  36*4 3.79 27-7 - 2.39 9.6 
C a r b o n  C o n t a c t o r  

N o .  2 P r o d u c t  11.6 

- =  35.5 3.68 27.4 - 
9.6 - - 2.51 C a r b o n  C o n t a c t o r  

N o .  3 P r o d u c t  10.9 

COD 
A v e r a g e  of a l l  r a t i o  r e s u l t s  = 3.13 = - TOC 

I 1 

1035000 
2005000 
3040000 
4058000 
5024000 

25.8 
21.3 
18.7 
24.3 1 32.9 

13.1 11.3 10.6 
14.0 11.6 10.8 
12.9 9.1 8.4 , 

19.6 14.8 13.4 
19.6 11.8 9.6 

A v e r a g e  24.6 15.8 11.7 10.6 
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~~ ~ 

P r o d u c t  

TABLE 1 0  - LBS TOC AE’PLIED, RENOVED, AND REMAINING 
PER MILLION GALLON OF THROUGHPUT 

1 2 3 4 5 T o t a l  

9 1  87 7 2  1 1 4  77 441 

LBS TOC APPLIED PER 
MILLION GALLON INCREMENTS OF THROUGHPUT 

1 2 3 4 5 To ta l  I 
C o n t a c t o r  1 
C o n t a c t o r  2 
C o n t a c t o r  3 

2 2 3  173 1 6 1  2 0 6  265 1028  
113 113 111 166 158 661 

9 8  9 4  79. 1 2 6  95 4 9 2  

LBS TOC RENOVED PER 
MILLION GALLON INCREMENTS OF THROUGHPUT 

1 2 3 4 5 T o t a l  

C o n t a c t o r  1 110 60 50 4 0  1 0 7  3 6 7  
15  1 9  3 2  4 0  63 1 6 9  

I 7  7 7 1 2  18 51 
C o n t a c t o r  2 
C o n t a c t o r  3 

LBS TOC REMAINING PER 
MILLION GALLON INCREMENTS OF THROUGHPUT 

587 = 57 T o t a l  R e m o v e d  - 
T o t a l  A p p l i e d  4 4 1  + 587 TOC R e m o v e d ,  % = 
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TABLE 11 - LBS TOC APPLIED AND REMOVED PER LB CARBON 
P E R  MILLION GALLON INCREMINT OF. THROUGHPUT 

LBS TOC APPLIED P E R  LB O F  CARBON 
FOR MILLION GALLON INCREMENTS OF THROUGHPUT 

~ ~~ ~ ~ 

1 2 3 4 5 T o t a l  

C o n t a c t o r  1 
C o n t a c t o r  2 
C o n t a c t o r  3 

.043 -072 .067 -086 .110. -430  

.047 -041 .046 .069 .066 .275 
-041 .039 -033 -053 .040 ' -205 

LBS TOC REfilOVED P E R  LB O F  CARBON 
FOR MILLION GALLON INCREMENTS OF THROUGHPUT 

1 2 3 4 5. T o t a l  

C o n t a c t o r  1 -046 .025 -021 .017 .045 .153 
C o n t a c t o r  2 .006 .008 -013 .017 . .026 .070 
C o n t a c t o r  3 .0029 -0029 .0029 .005 .008 -021 


